Background. Q fever is a worldwide zoonosis caused by Coxiella burnetii, which can be isolated from ticks. Reports of people with both Q fever and other tickborne diseases are rare. In this study, we describe 6 patients with Q fever who were infected with 1 of the following tickborne pathogens: Rickettsia conorii (2 patients), Rickettsia slovaca (2), Rickettsia africae (1), and Francisella tularensis (1).
cupational hazard, and people in contact with farm animals and laboratory workers are at greatest risk. Consumption of raw milk or dairy products is also a route of infection [5, 6] . Sporadic cases of Q fever have resulted from contact with an infected parturient woman, transplacental transmission, intradermal inoculation, and blood transfusion [1] . Although C. burnetii has been isolated from several arthropods (mainly ticks), the rate of arthropodborne transmission of Q fever in people is considered to be low. In this study, we describe 6 patients with tickborne diseases and concomitant or consecutive infection with C. burnetii.
PATIENTS AND METHODS

Diagnosis and epidemiological and clinical data.
At the French national reference center for rickettsial diseases (Marseille), we test ∼10,000 serum samples for rickettsial diseases each year [3] . Serum samples are tested for appropriate tickborne diseases associated with the geographic location and clinical presentation of patients. However, we routinely test all serum specimens for antibodies to C. burnetii and Rickettsia conorii, and for each patient with positive results of serological tests, the attending physician is requested to record epide-miological and clinical data on a standardized questionnaire.
Immunofluorescence assay (IFA). Serum specimens sent to our laboratory are tested against a large panel of antigens, including Rickettsia typhi, Francisella tularensis, C. burnetii, Borrelia burgdorferi, Anaplasma phagocytophylum, Rickettsia felis, Rickettsia helvetica, R. conorii, Rickettsia africae, Rickettsia mongolotimonae, Rickettsia massiliae, and Rickettsia slovaca, as described elsewhere [7] [8] [9] . For each patient, we try to obtain both acute-and convalescent-phase serum samples. Titers of у1: 128 for IgG and у1:32 for IgM in acute-phase serum specimens and/or evidence of seroconversion with 4-fold increases in IgG titers are considered to be evidence of recent infections with a Rickettsia species [10] . Patients with titers of у1:200 (for IgG) and у1:50 (for IgM) against the phase II antigen of C. burnetii are considered to have acute Q fever [3] .
Western blot analysis. R. conorii, R. africae, R. slovaca, C. burnetii, and F. tularensis isolates were suspended in sterile distilled water and adjusted to 2 mg of protein/mL. Twenty microliters of the preparation was electrophoresed at 100 V for 2 h through a separating gel containing 12% polyacrylamide by means of a Mini-Protean II cell apparatus (Bio-Rad). A mixture of prestained molecular mass standards (Kaleidoscope; Bio-Rad) was used to estimate the molecular masses of the separated antigens. Resolved antigens were transferred onto a 0.45-mm-pore nitrocellulose membrane (Bio-Rad) that was electrophoresed for 1 h at 4ЊC and 100 V. The blots were blocked overnight at 4ЊC with 5% nonfat milk powder in Trisbuffered saline (TBS) and were washed with distilled water. Serum specimens (diluted at ratio of 1:200 in TBS with 3% nonfat milk powder) were applied to the blots for 1 h at room temperature. After three 10-min washes in TBS with 3% nonfat milk powder, the blots were incubated for 1 h with peroxidaseconjugated goat anti-human IgG (Southern Biotechnology Associates) that was diluted at a ratio of 1:750 in TBS with 3% nonfat milk powder. The blots were washed 3 times in TBS, and bound conjugate was revealed by incubation in a solution of 0.015% 4-chloro-1-naphthol (Sigma) and 0.015% hydrogen peroxide in TBS with 16.7% methanol for 15 min. Western blot analysis was done both before and after cross-adsorption (see below). A rickettsial antigen was considered to represent the agent of the infection when acute-or convalescent-phase serum specimens reacted only with proteins specific to the antigen.
Serum cross-adsorption. Cross-adsorptions between C. burnetii and either R. conorii, R. africae, R. slovaca, or F. tularensis were done to prove the existence of dual infections, in accordance with procedures described elsewhere [11] .
A review of the literature published between 1966 and 2004 was done at the French National Library of Medicine using PubMed (http://www.ncbi.nlm.nih.gov). Keywords used were "concomitant infection" and "Q fever."
RESULTS
Of 400 cases of Q fever confirmed at the French national reference center for rickettsial diseases over the past 2 years, we identified 6 that were also associated with clinical and serological evidence of a concurrent tickborne disease. Clinical, biological, and serological data for the 6 patients are summarized in table 1.
Case Reports
Patient 1. A 36-year-old man from southeast France (Montpellier) presented with a history of von Willebrand disease and allergic asthma. He had had no contact with domestic livestock but lived with a dog that was often infested with ticks. In August 2002, the patient was hospitalized on the sixth day of a febrile illness (temperature, 40ЊC). He also had asthenia and an inoculation eschar on his umbilicus. On day 5 after hospitalization, he had a maculopapular rash, cough, dyspnea, pneumonia, meningoencephalitis-like signs, and elevated levels of transaminases, indicating hepatic disease. The first serum sample obtained from the patient was weakly positive for antibodies to R. conorii and was weakly negative for antibodies to C. burnetii. The second serum sample was positive for antibodies to C. burnetii and had increased titers to R. conorii. Patient 1 was successfully treated with doxycycline (200 mg/day for 15 days) and josamycin. This case was considered to be probable concomitant infection.
Patient 2. A 53-year-old man from southeastern France presented to the hospital with a history of sarcoidosis, hepatitis C virus infection, and acute pancreatic lithiasis. He had recently been bitten by a tick and was hospitalized in June 2001 because of a febrile illness. On day 8 after hospitalization, he had a temperature of 39ЊC, thrombocytopenia, and normal liver test parameters. The patient also had headaches and asthenia. On day 15, he was still febrile (temperature, 39ЊC-40ЊC), and on day 17, he developed a maculopapular rash and an inoculation eschar on the inside of his right thigh. At admission to the hospital, a serum sample from the patient had antibodies to R. conorii and C. burnetii. Convalescent-phase serum specimens showed increased titers of IgG antibody to antigens of each pathogen. He was treated successfully with doxycycline for 21 days and was discharged without sequelae. This case was considered to be probable concomitant infection.
Patient 3. A 42-year-old woman living in the south of France was bitten on the scalp in December 2003 by a tick that remained attached for 10 days. After the tick was removed, the patient developed a fever (temperature, 38ЊC) and an erythematous lesion (that later became necrotic) on her scalp, which resulted in alopecia (figure 1). Her cervical lymph nodes were enlarged, and she had neurological signs, asthenia, and headaches. The first serum sample collected from the patient was weakly positive for antibodies to R. slovaca and was weakly negative for antibodies to C. burnetii. The convalescent-phase serum sample was positive for antibodies to C. burnetii, and a Western blot for R. slovaca also had positive results. The patient was cured after 3 weeks of treatment with minocycline. This case was considered to be probable concomitant infection.
Patient 4.
A 56-year-old Swedish veterinarian made a 3-week ornithology-related trip to The Gambia and was bitten in the right groin by a tick. He was also bitten by fleas and mosquitoes. Ten days after his return to Sweden, he was hospitalized because of fever (temperature, 39ЊC), headaches, and muscle pain. At the site of the tick bite, there was minor erythema but no eschar; the patient did not have a rash. Chest radiography revealed pneumonia at the base of the left lung. Cultures of blood, urine, and feces specimens were negative for common bacteria. Treatment was initiated with cefuroxime (1.5 g iv t.i.d.) and doxycycline (200 mg po q.d.), and after 2 days, the fever resolved, and there was marked clinical improvement. The patient was discharged from the hospital receiving doxycycline (200 mg daily) for 10 days. At follow-up 2 weeks later, the patient was in good health and afebrile. The first serum sample obtained from the patient was positive for antibodies to R. africae and negative for antibodies to C. burnetii. When the convalescent-phase serum sample was tested by IFA, the patient was found to have seroconverted to C. burnetii. This case may be a possible consecutive infection: African tick bite fever followed by Q fever.
Patient 5. A 31-year-old man from southern France reported that he had removed an apparently unengorged tick from his head 10 days before presentation. Subsequently, an eschar developed at this site. Five days after removing the tick, the patient developed headaches, and an additional 3 days later, his cervical lymph nodes became enlarged. The patient's general practitioner prescribed paracetamol, but this failed to improve the condition, and he became febrile (temperature, 38ЊC). Results of routine laboratory tests performed while the patient was hospitalized were unremarkable. Infection with R. slovaca was suspected, and the patient was treated with doxycycline (200 mg po q.d.) for 15 days. After this treatment, the patient recovered completely. The diagnosis of R. slovaca infection was confirmed by serological analysis, and the patient was also found to have antibody titers to C. burnetii that were consistent with acute Q fever. At a follow-up visit, the patient reported that he had been in contact with sheep 3 weeks before he became febrile. This case could be classified as possible dual infection or consecutive infection, because antibody titers to C. burnetii in acute-and convalescent-phase serum specimens were similar.
Patient 6. A 49-year-old woman living in central France was admitted to the hospital in August 2001 because of fever (temperature, 39ЊC), asthenia, a flulike syndrome, tonsillitis, and suppurative lymphadenopathy of the left cervical nodes. Empirical treatment with cefpodoxime was instituted, but there was no improvement in the patient's condition. Her cervical lymph nodes were drained in October, and lymph samples were sent to our laboratory for analysis. After drainage, the patient was treated with roxithromycin and doxycycline for 3 weeks. Results of cultures of the lymph samples were negative, but PCR amplification with primers for the 16S ribosomal RNA gene revealed products with sequences identical to that of F. tularensis. No epidemiological risk factors were found, apart from a rural lifestyle. IFAs of serum samples obtained from the patient were positive for F. tularensis and C. burnetii. At followup 3 months later, the patient had achieved complete recovery and had no complications. However, this case remains only a suspected case, because no results of follow-up serological analysis were available.
Results of Serological Tests and Serum Adsorption Studies
All 6 patients fulfilled the serological criteria for acute Q fever: 3 seroconverted to C. burnetii with positive results of serological tests of convalescent-or late-phase serum specimens (patients 1, 3, and 4), whereas the remaining 3 had results of serological tests suggestive of acute Q fever and/or had increasing antibody titers. Serological results were also positive for R. conorii for 2 patients (patients 1 and 2) and positive for R. africae for 1 patient (patient 4). For patient 3, results of IFA serological analysis for R. slovaca were nondiagnostic (results were only positive for IgM at a titer of 1:32), but for patients 3 and 5, Western blots detected R. slovaca. Diagnosis of F. tularensis infection was made for patient 6 on the basis of positive serological results and PCR detection of the organism in lymph specimens.
Dual infections were confirmed in each patient by Western blot analysis after cross-adsorption studies. In the Western blots shown in figure 2 (a case of dual infection with C. burnetii and R. conorii), when serum specimens were adsorbed with C. burnetii, antibodies to C. burnetii disappeared and only antibodies against R. conorii were detected. Conversely, when serum specimens were adsorbed with R. conorii, homologous antibodies were not detected, whereas antibodies directed against C. burnetii remained.
DISCUSSION
In this report, we describe 6 patients with clinical and serological evidence of a tickborne disease and concomitant or consecutive acute Q fever. None of the patients had a history or clinical presentation suggestive of acute Q fever. Almost 60% of people with acute Q fever are asymptomatic or have a very mild flulike illness [1] . Of the 40% who are symptomatic, the majority have mild disease that does not require hospitalization. Thus, for the majority of patients with acute Q fever, disease is not detected unless serological testing is done. For the 6 patients in our study, serological analysis indicated that all had acute Q fever [3] and that some had concurrent spotted fever group rickettsioses [7, 8] or tularemia. These results were not due to serological cross-reactions between antigens of C. burnetii and the other agents. Previous studies have demonstrated that antigens of C. burnetii can cross-react in serological tests only with antigens of Bartonella species [12] , Legionella pneumophila [13] , Legionella micdadei [14] , Chlamydia species [15] , and the agent of human granulocytic ehrlichiosis [16] . To the best of our knowledge, serological cross-reactivity of antigens of C. burnetii and those of the tickborne pathogens we investigated have not been reported. The lack of cross-reactivity was confirmed by Western blot analyses we performed after adherence to cross-adsorption procedures routinely used in our laboratory [11, 17] .
Reports of concurrent infections with C. burnetii and other tickborne diseases are rare. In a review of the English language literature (MEDLINE, 1966 (MEDLINE, -2003 , we found only 2 cases of concurrent Q fever and Mediterranean spotted fever due to R. conorii; the patients were from Montpellier, France, and the diagnosis was made in our laboratory [18] . The 2 patients had typical signs of Mediterranean spotted fever, with fever and a maculopapular rash. To the best of our knowledge, we have now described for the first time Q fever concurrent with African tick bite fever, tickborne lymphadenopathy, or tularemia following tick exposure. Such concurrent infections may result in atypical clinical manifestations of tickborne diseases [19, 20] . Patients 1 and 4 presented with typical signs of Mediterranean spotted fever [21] and African tick bite fever [22] , respectively, but in addition, these 2 patients had pneumonia. This has not been reported in patients with Mediterranean spotted fever or African tick bite fever before, but pneumonia is common in patients with acute Q fever [1] . Patients 3 and 5 presented with typical signs of tickborne lymphadenopathy: a scalp lesion and enlarged cervical lymph nodes following a tick bite that occurred in the colder months of the year [23] . However, both patients had fever, which is not common with tickborne lymphadenopathy.
The concurrent infections we describe could have been due to dual infections in areas where Q fever is endemic or to cotransmission of etiological agents by the tick. In our series, 5 of the 6 patients had a history of tick bite before the onset of symptoms. Moreover, in patients (1-4, symptoms developed simultaneously, and 3 of them seroconverted to C. burnetii, whereas the fourth had increasing titers against C. burnetii. Interestingly, the 2 patients with dual infections with C. burnetii and R. conorii that we describe here came from the same area as patients whose infections we have described elsewhere [18] . We believe that cases in patients 1-3 were probably concomitant infections after tick bites, whereas the remaining 3 cases were possible consecutive infections. Nevertheless, ticks from these patients were not available, and thus it was not possible to prove that these infections were due to bites of coinfected ticks. Clinical studies are needed to document simultaneous infection. Because C. burnetii has a worldwide distribution, the source of C. burnetii infection could well be environmental, with infection occurring via aerosol or ingestion of insufficiently cooked meat or unpasteurized dairy products.
Our results are not unexpected, because worldwide, 140 tick species are naturally infected with C. burnetii, including Rhipicephalus sanguineus and Amblyomma, Ixodes, and Dermacentor species [1, 20, 24, 25] . Also, experimental transmission of C.
burnetii from infected to uninfected guinea pigs following tick bites has been reported [1] . Ticks are also involved in the transmission of other diseases. For example, Ixodes ricinus is the recognized vector of Lyme disease in Europe [26] , whereas R. sanguineus is the vector of Mediterranean spotted fever in France [20] . R. slovaca is transmitted by the ticks of the genus Dermacentor [23] , R. africae is transmitted by Amblyomma species [27] , and F. tularensis has been detected in I. ricinus in Switzerland [28] and in Dermacentor reticulatus in the Slovak Republic [29] .
It is known that some tick species are able to transmit several pathogens. Ixodes scapularis in the United States is a vector of B. burgdorferi (the agent of human granulocytic ehrlichiosis) and possibly also Babesia microti [20] . Both B. burgdorferi sensu stricto and the human granulocytic ehrlichiosis agent have been detected in 2% of I. ricinus ticks in Switzerland [30] , in 5.5% of nymphal I. scapularis in New York [31] , and in I. ricinus in Poland [32] . Mixed infections with C. burnetii, Rickettsia sibirica (the tickborne encephalitis agent), and Borrelia recurrentis in different combinations have been observed in various species of arthropods in nature and have also been established in laboratory experiments [33] . Because different tickborne bacteria can infect the same tick species, humans may then be infected with multiple organisms if fed upon by such ticks. Cases of multiple infections have been reported, including those involving the agents of Lyme disease and human granulocytic ehrlichiosis [19, 34] , babesiosis [19] , tickborne encephalitis [35] , and tularemia [36] , as well as infections with Ehrlichia chaffeensis and a spotted fever group rickettsia [37] .
In conclusion, our study describes additional cases of simultaneous or consecutive infections with C. burnetii and agents of other tickborne diseases. Demonstration of the simultaneous presence of C. burnetii and other tickborne disease pathogens in patients is necessary to confirm our hypothesis. Patients with a history of tick bite should undergo systematic serological testing for tickborne diseases, including Q fever, especially patients with risk factors, such as a previous valvulopathy [38] or pregnancy [39] , for more severe disease.
